Keywords: associative learning Bombus impatiens bumblebee colour preference memory pollen Ever since Karl von Frisch's Nobel Prize-winning work in the early 1900s, bees have served as an important model system for the study of learning, memory and foraging behaviour. Bees can learn about floral features including colour, scent, texture and electrostatic charge, and show surprisingly sophisticated forms of learning. However, nearly every study of bee cognition and foraging to date has used a sole reward: nectar, most often in the form of a simple sucrose solution. Plants also offer a number of other rewards to pollinators, the most prevalent being pollen that bees collect as their primary source of protein. Indeed, a significant proportion of angiosperm species are nectarless, rewarding bees with pollen alone. Surprisingly, whether free-flying bees can learn visual features based solely on floral pollen rewards is unknown. Here we show that bees can learn to associate multiple floral features with a pure pollen reward. Furthermore, these associations are remembered long term, comparable to bees' memory for nectar associations. These findings raise new questions about bee learning and the evolutionary history between plants and bee pollinators.
Pollination mutualisms play a key role in our understanding of angiosperm evolution, and are drivers of both ecological and agricultural processes. How floral traits affect pollinators' visits to flowers has long intrigued researchers of plantepollinator interactions. In the century since von Frisch's discovery of their colour vision, bees have served as tractable models for the study of pollinator behaviour and floral morphology (reviewed in Leonard & Masek, 2014) . For example, to entice naïve bees to visit them, flowers may exploit sensory biases for particular colours, patterns or scents (Lunau & Maier, 1995; Schiestl, 2010) . To encourage repeated visits to the same species (and thus conspecific pollen transfer), plants also offer rewards, the most common being nectar. Bees rapidly learn associations between nectar and floral features (e.g. colour, pattern, scent, texture, heat and iridescence: Clarke, Whitney, Sutton, & Robert, 2013; Dyer, Whitney, Arnold, Glover, & Chittka, 2006; von Frisch, 1967; Whitney et al., 2009) , and use these features to locate both flowers from a distance and nectar after landing. Investigations of nectar-based learning in bees have revealed impressive cognitive abilities (Giurfa, 2007 ) making them a model of learning and its neural underpinnings (Fahrbach, 2006; Menzel, 2012; Wright, Mustard, & Simcock, 2010) . However, nectar is not the only reward offered by flowers (Armbruster, 2011; Renner, 2006) ; bees also forage intensively for pollen. Although a substantive body of work has addressed nectar versus pollen foraging in the context of division of labour (e.g. Scheiner, Page, & Erber, 2004), the dynamics of learning with pollen rewards is remarkably understudied. This is surprising, because bees collect pollen from a wide variety of plant species, including more than 10% of all angiosperm species (including representatives from some 27 families: Vogel, 1978 ) that offer only pollen as a reward (e.g. Solanum, Papaver, Dodecatheon: Buchmann, 1983).
Nectar and pollen differ from each other in both their chemical composition and in their function for both pollinators and plants. Nectar is composed primarily of carbohydrates (sucrose, fructose and glucose), but can also contain amino acids, protein, lipids and secondary compounds that can make it toxic or repellent to some animals (Adler, 2000; Richardson et al., 2015) . Honeybee and bumblebee foragers imbibe nectar and use it to fuel flight, as well as taking it back to their colonies to feed other workers and larvae. On the other hand, pollen is a bee's primary source of protein (while it also contains free amino acids, starches, sterols and lipids: Baker & Baker, 1979; Roulston & Cane, 2000; Speranza, Calzoni, & Pacini, 1997) . Many social bees collect pollen from the anthers of flowers, packing it into pollen baskets (corbiculae) before returning
